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Description 

Field of the invention 

The present invention relates to novel chemical intermediates, a process for their preparation, and 
s their use in the preparation of pharmacologically active substances. 

Background of the invention 

Compounds of the general formula (1) wherein R' and R z are the same or different and are each 
selected from the group consisting of hydrogen, alkyl, halogen, carbomethoxy, alkoxy and alkanoyi have 
io been disclosed in e.g. European patent No. 0005 129 as useful therapeutical compounds. One of these 
compounds, known under the generic name omeprazole (R 1 = 5-OCH 3 , R 2 = H) 



20 




25 is being developed as a gastic acid secretion inhibiting drug. It can also be used for providing 
gastrointestinal cytoprotective effects in mammals and man. 

It is important to obtain simple and efficient intermediates snd routes of synthesis for omeprazole and, 
in a more general sense, for therapeutically active compounds such as benzimidazole derivatives 
containing the pyridylmethyl moiety 

30 



35 




<ii) 



do The present invention provides novel compounds which are useful as intermediates in the preparation of 
therapeutically active compounds such as benzimidazole derivatives which contain a pyridylmethyl radical 
of the formula (ii), and methods for the preparation of such compounds. 

Prior art 

45 Substituted benzimidazoles containing a pyridine radical of the formula (ii) are disclosed i.a. in 

European patent 0005 129. A problem with these compounds is their stability characteristics. Upon storage 
without any special precautions being taken, they are degraded at a rate which is higher than desired. E.g. 
by storage of omeprazole, which Is a substituted benzimidazole disclosed in the patent cited above, at 
accelerated conditions, that is at +37*C and at a relative humidity of 80% for a period of 6 months, about 

so 6% of the substance is converted to degradation products. 

Detailed description of the invention 

It has been found according to the present invention that the compounds of the formula 



55 



so 




\ 

•55 wherein R is H or CHg, are novel and useful intermediates in the preparation of pharmaceutically useful 
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compounds, e.g. substituted benzimidazoles of the general formula (i). The compounds of the formula I are 
the products obtained from the preceding nitration reaction (see preparation below), for which the N-oxide 
form may be considered necessary, and the following substitution reaction in which the pyridine N-oxide 
form is very advantageous considering the yields. 

In addition, the N-oxide state of the compounds of the formula I is very advantageous for the 
subsequent conversion to the 2-hydroxymethyl pyridine {procedures A and B). Direct hydroxymethyiation 
of the corresponding non-oxidized pyridines 



15 



OCH- 




20 



25 



only gives low yields (<20%). 

The compounds of the formula I may advantageously be prepared by processing both the nitration 
step and the substitution step without isolation of the intermediate nltro-pyridine. Furthermore they are 
stable and can be stored in bulk form. For example, the compounds according to the invention of the 
formula i are useful as intermediates in the preparation of the corresponding 2-hydroxymethyl pyridine and 
reactive derivatives thereof of the formula 



30 



OCrU 



XX" 



35 



or a salt thereof, in which formula 2 is a hydroxy group or reactive este rifled hydroxy group, e.g. halogen 
such as Ci and p-toluenesuHonyl used for the preparation of e.g. omeprazole. The reactive intermediate of 
the formula (III) is then reacted in known manner with a benzimidazole derivative of the formula 



40 



4$ 




<1v) 



50 



wherein oxidation In known manner of the reaction product of the formula 



so 



0CH-, 




(v) 



yields omeprazole. A preferable method of preparing omeprazole is to use a compound with the general 
formula I, wherein R is H as an intermediate. The most preferable method of preparing omeprazole is to use 
a compound, wherein R is CH 3 as an intermediate. 
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The present invention also relates to a process for the preparation of the compounds of the formula I. 
The compounds of the invention of the formula I are prepared according to the invention by 
a) reacting a compound of the formula 



H 3°V^ ::N Y CH3 



II 



wherein R is H or CH3, 
75 with a nitrating agent such as nitric acid 



\ 
0 



HNO3 



II! 



to the formation of a compound of the formula 



20 



25 



30 




IV 



wherein R has the meaning given above whereafter 

b) the compound of the formula IV is directly reacted with methoxide to give the desired end product of 
the formula 



OCH, 



40 



45 



50 
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wherein R is H or CH 3 . 

The reaction conditions for the steps a) and b) are suitably the following. 

For reaction a), ordinary nitration conditions, Le., a mixture of cone, sulfuric acid and nitric acid of 
different concentrations are used. Mixtures containing organic solvents such as acetic acid and 
nitromethane may also be used. 

For reaction 0} a solution of methoxide anion in methanol is preferably used. Methoxide salts in inert 
solvents-such as toluene may also be used. A solution of methoxide in methanol can be prepared from 
sodium hydroxide and methanol. 

The utilization of the compounds I in the preparation of reactive derivatives of corresponding 2- 
hydroxymethyl pyridine can be carried out as illustrated below; 

A. Procedure useful for the preparation of a compound of the formula (Hi) utilizing a compound of the 
formula I wherein R is CH 3 : 



60 
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(I) 



NaOH 




B. Procedure useful for the preparation of a compound of the formula (Hi) utilizing a compound of the 
formula I wherein R is H: 




(iii) 



Suitable sources of free radicals are e.g. <NH 4 ) 2 S 2 0 B or other salts of persulfuric acid. 
The compound of the formula (iii) thus obtained, or a salt thereof, is thereafter in known manner as 
described in the prior art reacted with the desired benzimidazole derivative (iv) as described above. 
The invention is illustrated by the following examples. 
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Example 1 

Preparation of 2 r 3,5-trimethyl-4-methoxypyridine-N-oxide 

2,3,5-trimethyi-pyridine-N-oxide (1457 ;g, 10 moles) was dissolved in cone. H 2 S0 4 (1200 ml, 22.08 
moles) in a 50 litres reaction vessel. A nitration solution (1750 ml. 32.2 moles cone. HzSO* and 2065 ml, 

5 29.84 moles 65% HN0 3 ) was added at 90°C during 1 hour. The solution was stirred at 90° for 1.5 hours and 
thereafter cooled to 30°C. The pH of the reaction mixture was then adjusted by adding 10M NaOH (11.65 
litres, 116.5 moles) during cooling with water so that the temperature was kept below 40°C. The NaOH was 
added during about 2 hours. Thereafter CH 2 CI 2 (25 litres) was added and the mixture stirred vigorously for 
30 minutes. The phases formed were separated and the CH 2 Cl a -phase was transferred to a 100 litres 

io reaction vessel. The water phase was discarded. The methylenechloride was distilled off. To the remainder 
was added 15 I of toluene which was then distilled off under reduced pressure, followed by another 15 I 
portion of toluene which was also removed by distillation. 8 litres of methanol was added and the mixture 
heated to boiling temperature. A solution of NaOH (595 g, 14.9 moles) in CH 3 OH (16 litres) was added 
during about 1.5 hours. The reaction mixture obtained was cooled and its pH adjusted to 8 using cone. 

is HaSO* (250 ml, 4.6 moles). Remaining methanol was distilled off and CH 2 CI 2 (20 litres) was added to the 
remainder. The mixture was stirred for about 30 minutes and inorganic salts were filtered off and washed 
with CH 2 CI 2 . The filtrates obtained were pooled and evaporated, yielding 1287 g of 2,3,5-trimethyl-4~ 
methoxy-pyridlne-N-oxide with a purity of 89%. The identity of the reaction product was confirmed with 1 H 
and 13 C NMR. 'H-NMR: o(COCI 3 ) 2.22 (s, 3H), 2.27 <s, 3H>, 2.51 (s, 3H), 3.81 (s, 3H), 8.18 (s, 1H). 

20 The reaction sequence is: 



CH 

25 




The 2,3^-trimethylpyridine-N-oxide used as starting material was prepared as follows. 

Preparation of 2,3,5-trimethyl-pyridine-N-oxide 

35 To a 100 litres reaction vessel was added 2,3,5-trimethy {-pyridine (10.9 kg, 89.2 moles) and acetic acid 

(30 litres). The temperature was raised to 90°C. The mixture was stirred for 3 hours and thereafter cooled to 
60°C, whereafter H 2 0 2 (35% solution, 3122 ml, 35,67 moles) was added during 1 hour. The temperature was 
then raised to 90*C. The reaction mixture was stirred overnight. After cooling to 40°C an additional amount 
of H z 0 2 solution (936 ml, 10.7 moles) was added during 1 hour. The temperature was then raised to 90°C 

«0 The reaction mixture was stirred for 3 hours and was allowed to stand without heating overnight Excess of 
acetic acid was distilled off under vacuum. To the remainder was added NaOH (10M) until pH 10. CH 2 CI 2 (10 
litres) was added and the resulting mixture was stirred vigorously. The CH 2 CI 2 phase was separated and the 
water phase was extracted twice with CH 2 Cl a (10 litres). The combined CH 2 CI 2 — phases were dried over 
MgS0 4 and filtrated. The filtrate was evaporated yielding 2,3,5-trimethyl-pyridine-N-oxide (11920 g, 94% 

*5 purity). The identity of the product was confirmed with ^H and 13 C NMR. 

Example 2 

Preparation of 3 r 5-dimethyl-4-methoxy-pyridine-N-oxide 

.3,5-dimethyl-pyridine-N-oxide (3500 g, 28.5 moles) was dissolved in cone. H 2 S0 4 (3500 ml f 64.4 moles). 

50 The solution was cooled to 90°C and nitration solution (5 1, 91.5 moles, cone. H 2 S0 4 and 53 1, 85 moles 65% 
HNO a ) was added during 4 hours at 90°C. The solution was stirred at 90°C over night. The solution was 
cooled to 30°C and neutralized with 10M NaOH (36 I, 360 moles) during 4 hours and the temperature kept 
below 30°C. Acetonitrile (35 litres) was added and the mixture stirred vigorously for 30 minutes. The 
acetonitrile layer was separated. The extraction procedure was repeated with 1 5 I of acetonitrile, and the 

ss combined acetonitrile were extracted with water (10 I at 60°C). The upper layer was collected and 
evaporated at reduced pressure (bp 3f>55°C/17.3 kPa [130 mm Hg]). Toluene (10 I) was added and 
remaining water was thoroughly removed by azeotropic distillation at reduced pressure (bp 55 — 65°C/17.3 
kPa [130mm Hg]). Methylalcohol (7 I, 173 moles) was added and the mixture was heated to reflux 
temperature. A solution of NaOH (1138 g, 28.45 moles) in 30 litres methylalcohol was added over a period 

60 of 15 hours. The reaction mixture was cooled and pH adjusted to 9 using cone. HCI (1200 ml, 14 moles). 
Remaining methanol was evaporated. The residue was cooled and CH 2 CI 2 (30 1) and activated carbon (50 g) 
were added. The mixture was stirred for 30 minutes, filtered and the residue washed with CH 2 CI 2 . The 
filtrates were evaporated. The solid product was washed with petroleum ether, (5 litres bp 60— 80 D C) at 50°C 
for 30 minutes and filtered. This procedure was repeated once. The product was dried at reduced pressure. 

65 Yield 2400 g 3,5-dimethyl-4-methoxypyridine-N-ox?de with a purity of 90%. The identity of the product was 
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confirmed with 'H- and ,3 <M\IMR. 'H -NMR: 5(COCI 3 ) 2.23 (s, 6H), 3.81 (2, 3H), 8.03 (s, 2H). 
The 3,5-dimethyl-pyridine-N-oxide used as starting material was prepared as follows. 
3,5-1 uridine {15 kg, 140.2 moles) was dissolved in acetic acid (48 1) at 60°C. Hydrogen peroxide (8430 ml, 
98 moles) was added during 3 hours. The solution was heated to 90°C and kept at this temperature for 3 

s hours. The reaction mixture was cooled to 60°C and hydrogen peroxide (3500 ml, 41 moles) was added 
during 1 hour. The temperature was raised to 90°C and kept there for 16 hours. The reaction mixture was 
evaporated at reduced pressure (70°C, 40kPa (300 mm Hg]).The residue (approx 25 litres) was cooled and 
pH adjusted to 10 with NaOH-solution (23 litres 10 M). Acetonitrile (30 litres) was added and the mixture 
was stirred for 30 minutes. The sodiumacetate was separated off and washed with 10 I acetonitrile. The 

*o liquid phase was evaporated at reduced pressure (55°C, 26.7 kPa [200 mm Hg]). The remaining solution 
(approx 25 litres) was extracted with CH 2 Cl a (20 litres and 3x5 litres). The combined organic layers were 
dried over MgS0 4 , filtered and evaporated at reduced pressure (50°C, 26.7 kPa [200 mm Hg]). When all 
CH a CI 2 had distilled off unreacted 3,5-lutidine was evaporated at 75°C, 1.1 kPa [8 mm Hg]. Yield 14940 g of 
3,5-dimethylpyridine-N-oxide. The identity was confirmed with 1 H and 13 C NMR. 

/5. . The conversion of the compounds of the formula I to 3,5-dimethyl-4-methoxy-2-hydroxymethyl- 
pyridine can be carried out according to Procedure A and Procedure B as described above and exemplified 
below. 

Pr^cedur^A: 

20 

step 1: 



25 




2,3,5-trimethyW-methoxypyridlne-N-oxide (1268 g, 6.75 moles) obtained in Example 1, dissolved in 
acetic acid (740 ml), was added drcpwise to (CH 3 CO) 2 0 (2140 ml) heated to 90°C. The heating was 
35 discontinued during the addition. The temperature rose to 130°C. Thereafter the reaction solution was 
stirred for 1 hour and then cooled to 80°C whereafter CH 3 OH (2460 ml) was added. The reaction solution 
was evaporated and the remainder used directly in step 2. 

40 step 2: 




so To the remainder from step 1 was added NaOH (3300 ml, 10 M). The mixture was refluxed for 5 hours, 

cooled and extracted wfth CH 2 CI 2 (8 litres). The phases were separated and the water phase extracted with 
CH 2 CI 2 (2x4 litres). The combined CH 2 CI 2 — phases were dried over MgSO*, refluxed with a few grams of 
decolorizing carbon and filtrated, yielding 3,5-dimethyl-4-methoxy-2-hydroxy-methyl pyridine (941 g). The 
identity of the product was confirmed with 'H and 13 C NMR, 

55 
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to 



15 




CH 3 0H 



(NH 4 ) 2 S 2 0 8 



OCR 



CH- dimethyl CH* 
* sulfate J 



OCK 3 
^N>^CH 2 0H 




O S0 4 CH 3 



20 3.5-DimBthyM-methoxypyridin&-N-oxide (61.2 g) obtained in Example 2 was dissolved in CH 3 OH (458 

ml). Dimethyisutfate (38 ml 04 moles) was added dropwise during 15 minutes and pH adjusted to 5.0 using 
10 M NaOH. The mixture was stirred for 15 minutes and thereafter refluxed for 1 hour. An additional 
amount of dimethylsulfate (3.8 ml, 0.04 moles) was added dropwise and the mixture was refluxed for 1.5 
hours. Stirring was continued overnight at room temperature. Thereafter the mixture was heated to reflux 

25 and (NHJjSzOr (91.2 g, 0.4 moles) dissolved in water (169 ml) was added during 1.75 hours, followed by 
refluxing for 1.5 hours and stirring at room temperature overnight Thereafter CH 3 OH (452 ml) was added. 
Precipitated salts were filtered off and discarded. After evaporation of CH 3 OH, the remaining water phase 
(pH 0.6) was adjusted to pH 10.0 using 10 M NaOH (145 ml). The water phase was extracted three times with 
CH 2 CI 2 . The combined CH 2 CI 2 phases were dried over NajSO*, evaporated and dried, yielding 3,5-di methyl- 

30 4-methoxy-2-hydroxy methyl pyridine (44.2 g). The identity of the product was confirmed with 'H and 13 C 
NMR and the purity checked with gas chromatography. 

Claims for the Contracting States: BE CH DE FR IT U LU IML SE 

35 1 . A compound of the formula 



OCH, 



45 




wherein R is H or CH 3 . 

2. The compound according to claim 1 of the formula 



OCH, 
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3. The compound according to claim 1 of the formula 

och 3 




4. A compound according to claims i-3 in bulk form. 

5. A process for the preparation of a compound of the formula 



0CH- 



20 



25 




wherein R is H or CH& characterized in that 
a) a compound of the formula 



-xx: 



35 



40 



is reacted with a nitrating agent such as 



to the formation of a compound of the formula 



HNO, 



II 



4S 



so 




IV 



in which formulas R is H or CH 3 . whereafter 

b) the compound of the formula IV thus obtained is directly reacted with alkali to give a compound of 
55 the formula 



0CH- 



6C 



6$ 
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in which formulas R is H or CH 3 . 

a The use of a compound according to claims 1-4 as an intermediate in the preparation of 
pharmaceutically useful compounds. 

7. The use of a compound according to claims 1-4 as an intermediate in the preparation of substituted 
benzi imidazoles containing a pyridine radical. 

8. The use of a compound according to claims 1-4 as an intermediate in the preparation of omeprazole. 

Claims for the Contracting State: AT 

1. A process for the preparation of a compound of the formula 



76 



2D 




wherein R is H or CH 3 , characterized in that 
a) a compound of the formula 




is reacted with a nitrating agent such as 



II 



HN0 3 



ill 



to the formation of a compound of the formula 



46 




IV 



60 in which formulas R is H or CH 3 , whereafter 

b) the compound of the formula IV thus obtained is directly reacted with alkali to give a compound of 
the formula 



£5 



60 



CH 



0CH 3 
0 



^5 in which formulas R is H or CH 3 . 
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Z A process according to claim 1 wherein the obtained compound has the formula 



OCH 



10 



16 



20 




3. A process according to claim 1 wherein the obtained compound has the formula 




25 0 

Patentanspruche fur die Vertragsstaaten: BE CH DE FRITULU NL SE 



30 



35 



40 



45 



60 



1. Verbindung der Forme! 



0CH-, 




worin R fur H oder CH 3 stent 

2. Verbindung nach Anspruch 1 der Formel 



OCH- 




55 3. Verbindung nach Anspruch 1 der Formel 



OCH, 



60 
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A, Verbindung nach den Anspruchen 1 bis 3 in Form eines Schtittguts. 
5. Vertahren zur Herstellung einer Verbindung der Forme! 



10 



is worin R fur H oder CH 9 stent, dadurch gekennzeichnet, daS 
a) eine Verbindung der Forme! 



20 




"XX: 



mit einem NitrierungsmitteL, wie 
30 zur Bildung einer Verbindung der Formel 



HNO, 



II 



1(1 



3S 



40 




IV 



in welchen Formeln R fur H oder CH 3 stent, umgesetzt wird, worauf 

b) die so erhaltene Verbindung der Formel IV direkt mit einem Alkali umgesetzt wtrd, um eine 
Verbindung der Formel 



so 



ss 



60 



\ 

0 



in welchen Formeln R fur H oder CH a steht, zu ergeben. 

6. Verwendung einer Verbindung nach den Anspruchen 1 bis 4 ais Zwischenprodukt bei der 
Herstellung von pharmazeutisch nutzltchen Verbindungen. 

7. Verwendung einer Verbindung nach den Anspruchen 1 bis 4 als Zwischenprodukt bei der 
Herstellung von einen Pyridinrest enthaltenden substituierten Benzimidazolen. 

8. Verwendung einer Verbindung nach den Anspruchen 1 bis 4 als Zwischenprodukt bei der 
Herstellung von OmeprazoL 
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Patentansp ruche far den Vertragsstaat: AT 

1. Verfahren zur Herstellung einer Verbindung der Formel 



OCH- 



to 




worin R fur H oder CH, steht, dadtirch gekennzeichnet, daB 
a) eine Verbindung der Formel 



20 



25 




mit einem Nitrierungsmittel, wie 



zur Bildung einer Verbindung der Formel 



HN0 3 



35 



40 



45 



SO 



55 



60 




U 



III 



IV 



in welch en Formel n R fur H oder CH 3 stent, umgesetzt wird, worauf 

b) die so erhaltene Verbindung der Formel IV direkt mit einem Alkali umgesetzt wird, um eine 
Verbindung der Formel 




in welchen Formeln R fur H oder CH 3 steht, zu ergeben. 



65 
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2- Verfahren nach Anspruch 1, worin die erhaltene Verbindung die Formet 

0CH-, 



10 



hat 



.75 



20 



25 



30 



35 



40 



45 



SO 



55 



ao 



65 



3. Verfahren nach Anspruch 1, worin die erhaltene Verbindung die Formel 

OCH, 




hat 

Revencfications pour les Etats contractants: BE CH DE FRfTU LU NL SE 

1. Un compost de formule 

OCrL 




dans laquelle R est H ou CH 3 . 

2. Compose selon la revendication 1 de formule 



OCrL 




3. Compose selon !a revendication 1 de formule 

OCH 

CH 
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4. Un compost selon les revendications 1 a 3 se presents nt en vrac. 

5. Un precede pour la preparation d'un compose de formule 



OCH- 



TO 



is 




dans laquelle ft est H ou CH 3 , caractsrise en ce que 
a) on fait reagir un compose de formule 



20 



30 



35 



*0 




26 avec un agent de nitration te! que 



HN0 3 



en vue de ia formation d'un compose de formule 




II 



ill 



IV 



formules dans lesquelles R est H ou CH„ apres quoi 

b) on fait directement reagir le compose de formule IV ainsi obtenu avec un alcaii pour obtenir un 
compose de formule 



48 



so 



0CH-, 



so 




55 dans laquelle R est H ou CH 3 . 

6. Utilisation d'un compose selon les revendications 1 a 4 com me produit intermedia ire pour la 
preparation de composes pharmaceutiquement utiles. 

7. Utilisation d'un compose selon les revendications 1 a 4 comrne produit intermedial re pour la 
preparation de benzimidazoles substitues contenant un radical pyridine. 

8. Utilisation d'un compose selon les revendications 1 a 4 com me produit intermediate pour la 
preparation de 1'omeprazole. 



65 
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Revendicatkms pour I'Etat contractant: AT 

1. Un procede pour la preparation d'un compose de formule 



OCH- 



to 



is 




dans laquelle R est H ou CH3, caracterisS en ce que 
a) on fait reagir un compose de formule 



20 



2£ 



xx: 



0 



avec un agent de nitration te( que 
30 HN0 3 
en vue de la formation d'un compose de formule 



II 



111 



35 



40 




IV 



fomnules dans lesquelles R est H ou CH* apres quot 
45 b) on fait directement nsagir le compose de formule IV ainsi obtenu avec un alcati pour obtenir un 
compose de formule 



OCH- 



so 



ss 



60 




dans laquelle R est H ou CH 3 . 



6S 
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2. Precede selon la revendi cation 1, dans lequel le compose obtenu poss&de la formule 



ODH 



to 



IS 



20 




3. Procede selon la revindication 1, dans lequel le compose obtenu possede la formule 

0CH 3 




30 



4C 



45 



SO 



55 



60 
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